R ecently, knowledge in nursing informatics has been recognized as a core competency for evidence-based nursing practice (Bakken et al., 2004; Ehnfors & Grobe, 2004) . Nursing informatics has been defined as "a combination of computer science, information science and nursing science designed to assist in the management and processing of nursing data, information and knowledge to support the practice of nursing and the delivery of nursing care" (Graves & Corcoran-Perry, 1996, p. 15) . Registered nurses (RNs) are the largest group of health care professionals in the United States and in most developed countries. As the health care sector becomes more dependent on health informatics and applications of health technology, RN preparedness in informatics is increasingly essential for effective implementation and use of technology (Eley, Fallon, Soar, Buikstra, & Hegney, 2008; Hart, 2008) . A number of studies have articulated the need to build this competency among future and practicing nurses, nursing students, and nurse educators. Little is known about informatics education among nurses in general and continuing education in informatics in particular. Understanding the factors or characteristics associated with nurses' decision to pursue continuing education in informatics can help to identify trends and patterns associated with this type of education, thus helping to guide the future development of these programs. matics has increased markedly in response to the increased use of technology at the point of care and in the delivery of education. Different types of opportunities for acquiring competency in informatics are available for nurses through formal and continuing education programs (Newbold, 2003) . Formal educational options refer to acquiring a degree or certification in a certain area of knowledge or specialization. In nursing informatics, these options include master's degrees in nursing, with a major or minor in informatics; certification programs in informatics; doctoral programs in informatics; and standalone courses. Although the number of these programs has increased markedly, most of them are offered only at the graduate level. Nevertheless, nurses find these programs worthwhile because of their flexible enrollment options, which enable many nurses to enroll on a full-time or part-time basis, either on campus or via distance or online education.
Opportunities for continuing education in informatics also exist through attending conferences and reading professional journals (Newbold, 2003) . These alternatives allow nurses to keep up with developments in the field, especially when they cannot commit to a longer period of study. Continuing education can also be pursued through independent or self-study options, which have become more possible through e-learning (Cobb, 2004) . Increasingly, many professionals prefer Internet-based learning as a method for professional development, compared with traditional face-to-face continuing education, because it enables them to overcome barriers associated with traditional methods of continuing education delivery, such as geographic isolation and time constraints. In addition to independent or self-study options, oppor- tunities for continuing education are available through staff development programs. These programs are offered in-house by most employers to help nurses develop and update their competencies in several areas of practice. Normally, these programs are structured within regular nursing work hours, making them appealing for most practicing nurses. Continuing education in informatics provided through staff development generally relates to training programs offered by information technology (IT) staff during the implementation of IT projects to train nurses in using new information systems applications (Hebda, Czar, & Mascara, 2005) . Despite the options offered, generally, little is known about nurses' participation in these opportunities. This analysis was conducted to answer these research questions using data from the National Sample Survey of Registered Nurses (NSSRN) conducted in 2000: 1. What proportion of nurses reported continuing education in informatics in 2000?
2. What characteristics were associated with nurses' report of continuing education in informatics in the year before the survey?
mEthODS

Study Design
A secondary data analysis was performed of the 2000 NSSRN data. The NSSRN is a cross-sectional survey conducted every 4 years by the U.S. Department of Health and Human Services, Bureau of Health Professions. The NSSRN is a public use data file available for download for research purposes. Access to the questionnaire is available at www.datawarehouse.hrsa.gov/ nursingsurvey.aspx. For this study, data from the 2000 survey year were used because that was the only time a question about continuing education in informatics (question 23h of the 2000 survey) had been asked on the nationally representative survey. The question was "During the past year, what type of formal continuing education program(s) have you participated in? Include programs inside and outside your employment setting (Mark all that apply)." The eight continuing education topics listed as response options for this question were: "none, case management, quality improvement, clinical care, informatics, leadership supervision, risk management, and others."
Study Sample
The sample for the 2000 survey included all RNs with at least one current active license from one of the 50 states or the District of Columbia. At the time of survey sampling, there were 2,714,671 licenses issued to RNs in the United States, and 54,000 RNs were randomly selected to take the survey. A total of 35,579 nurses participated in the survey, for a response rate of 65.9%.
Ethical Considerations
The authors did not apply for ethics approval for the study because no identifiable information is included in the public use data files. Based on the guidelines for ethics in Canada (similar provisions apply in the United States), if secondary data files contain no identifiable information, research using those data is exempt from human subjects or ethics oversight. According to the U.S. Department of Health and Human Services, Human Resources and Services Administration (www. datawarehouse.hrsa.gov/nssrn.aspx), the NSSRN is a public use data file that is available for statistical reporting and data analysis. It is not possible to identify individual respondents. The survey data, documentation file, and raw data can be accessed at www. datawarehouse.hrsa.gov/nursingsurvey.aspx.
Study variables
The primary dependent variable was whether the respondent reported taking continuing education in informatics in the year before the survey. To select relevant independent variables from the survey data for inclusion in the study, the authors reviewed the litera- ture on education and continuing education in nursing and nursing informatics among RNs to ensure that these variables reflected themes addressed in this body of literature. The selected variables included age, race or ethnicity, gender, marital and family status, highest level of nursing education, years of experience since the first degree in nursing, current enrollment status in a nursing education program, employment setting, primary job responsibility, annual household income, and current access to the Internet. All of these variables were included in the study.
Data Analysis
Descriptive, bivariate, and logistic regression analyses were used to address the two research questions. Initially, descriptive statistics were conducted to summarize the data by calculating frequencies and percentages for all variables. Then categorical variables were cross-tabulated to assess bivariate association using the chi-square test (Table 1) . To increase confidence in the significance of association and consequently the generalizability of the findings, the authors conducted logistic regression, entering all variables identified through the literature review, and calculated odds ratios, confidence intervals, and p values for all variables (Table 2) . Further information on the value and interpretation of confidence intervals can be accessed at www.ccforum.com/content/6/3/222. All analyses were performed at the 5% level of significance and were conducted with STATA software, version 10.
RESUltS
With respect to the descriptive and bivariate analyses of questions 1 and 2, of the 35,456 RNs who responded to question 23h of the 2000 NSSRN, 7,649 nurses (21.0%) reported that they took continuing education in informatics in the year before the survey (Table 1) . The oldest group of RNs was least likely to report having had continuing education in informatics (10.8%) compared with other age groups. Respondents classified by race or ethnicity as White or non-White did not differ in their reporting of continuing education in informatics. Female RNs (21.2%) were more likely than male RNs (18.8%) to report continuing education in informatics. Marital and family status was also associated with reporting continuing education in informatics. The proportion of those who took continuing education in informatics was lower among married nurses with young children and those who were married, widowed, separated, or divorced without children (16.1%). In general, there were small differences between diploma-, associate's degree-, and baccalaureateeducated RNs (range: 20.4% to 21.0%), but RNs with master's or doctoral degrees reported a higher rate of continuing education in informatics (25.1%). Participation in continuing education in informatics did not differ between those currently enrolled in a nursing education program and those not enrolled. RNs with more than 5 years of experience post-RN entry reported a higher rate of continuing education in informatics. In terms of employment setting, those working in nursing education reported a considerably higher rate of continuing education in informatics (31.7%) compared with other work settings (range: 22.2% to 23.6%). RNs with teaching as their primary job responsibility reported the highest rate of continuing education in informatics (31.9%) compared with other job functions. Household income was also associated with reporting continuing education in informatics. As household income increased, the proportion of those who reported continuing education in informatics also increased. Finally, those with access to the Internet reported higher continuing education rates (22.5%) than those without access (18.0%). Table 2 shows the results of logistic regression analysis. Only 29,623 respondents were included in the multivariate analysis because of incomplete responses in some variables, most commonly, household income. Significant associations were found in age, gender, marital and family status, years of experience since the first nursing degree, employment setting, primary job responsibility, and access to the Internet. RNs were less likely to report continuing education in informatics if they were older than 64 years compared with those who were younger than 25 years (p = .05); if they were employed in other settings or in jobs not related to nursing compared with being hospital-based (p < .01); and if their primary job responsibility involved direct patient care compared with administrative tasks (p < .01). On the other hand, RNs were more likely to report continuing education in informatics if they were female (p = .03); if they had more than 6 years of experience since their first nursing degree (p < .01); and if they had access to the Internet at the time of the survey (p < .01). In general, RNs who were married with young children appeared to report less continuing education in informatics than those having most other categories of marital status, particularly those who were married with older children (p < .01), married without children (p < .01), or widowed, separated, or divorced without children (p = .03).
DISCUSSION
Because these data are a decade old, they may not reflect the current status of continuing education in informatics among nurses. However, there is value in examining the context in which these data were gathered. At the time of the survey, a huge emphasis was placed on investments in health information technology in response to increasing pressure for quality improvement and cost reduction (DePhillips, 2007; Norris & Brittain, 2000; Vishwanath & Scamurra, 2007) . The U.S. experience with health information technology included challenges because many of these systems did not meet the expectations of investors and users. This led to slower rates of adoption of electronic health records in the United States compared with other countries (Vishwanath & Scamurra, 2007) . This failure may be primarily the result of an insufficient investment in the education and training needed for the development, implementation, and operation of information systems (Norris & Brittain, 2000) . Nurses, in particular, may have experienced insufficient training, even though they constitute a large group of users of information and communication technology (ICT) .
During the past two decades, collective efforts have focused on increasing awareness of the value of ICT. However, several concerns about the level of preparedness of nurses in informatics remain. A decade ago, only 21% of RNs reported continuing education in informatics in the year before the 2000 NSSRN. It is not known whether this proportion has changed over the last decade in response to these efforts because questions about continuing education in informatics have not been included on subsequent surveys.
A recent systematic review (Hart, 2008) of the available literature on informatics competencies and education among nurses in U.S. clinical settings found that computer and informatics competencies were not defined until 2002. Further, clinical assessment of informatics components was predominantly limited over the last 7 years to attitudes toward and use of online resources rather than actual use of education. Hart (2008) argued that, without a standardized job-specific approach to building this competency among nurses, it is difficult for health care organizations to fully assess the level of competency in ICT among nurses. The authors agree with this argument. Without current and ongoing assessment of informatics competency among nurses and the education they pursue to develop this competency, it is difficult to accurately assess their level of preparedness for innovation. This information, if available, would help to better align the planning of formal and continuing education programs geared toward enhancing informatics competency among nurses.
The current findings offer some new insights compared with other findings and make the case for continuing assessment of nurses' use of resources to increase their ICT competencies. Overall, the commonly held perception that men are more inclined than women to use technology may be changing among U.S. RNs (Moule, 2003; Price, 2006) . In keeping with findings from other studies in the general continuing education literature, the current study found that nurses' participation in continuing education in informatics was compromised among RNs with young children (Penz et al., 2007; Yu, Chen, Yang, Wang, & Yen, 2007) . The likelihood of reporting continuing education in informatics increased with years of experience after entry into RN practice, which may suggest that these nurses may be interested in keeping abreast of advances in technology. It is also possible that these nurses felt more need to obtain this knowledge because they may not have had access to this information during their years of formal education, or they may have been involved in providing input on IT applications brought into their units, leading them to seek continuing education in informatics. Lower rates of continuing education in informatics among front-line nurses may be attributed to a high workload as well as to the effects of the nursing shortage, which places additional burden on nurses. It also may suggest that these nurses do not see value in gaining this competency, especially when they perceive their involvement in decisions related to IT projects as minimal (Kirkley, 2004) .
The survey did not specify the location of access to the Internet (home vs. work), but having access to the Internet increased the likelihood of pursuing continuing education in informatics, which was consistent with findings from other studies (Delvenne & Pasleau, 2003; Tannery, Wessel, Epstein, & Gadd, 2007) . The use of the Internet has become more common among nurses because it provides easy and timely access to professional development opportunities, thus alleviating previously experienced barriers to learning, such as geographic isolation and lack of time (Cobb, 2004; Penz et al., 2007) .
Given the size of the sample and its representation of U.S. RNs, the authors believe that this analysis presents important information for planning approaches to working with RNs to improve competency in ICT. However, a limitation of the study is the fact that the data are dated and may not reflect current trends among U.S. RNs. The authors are not aware of any sources of more current population-based data.
CONClUSION
Several factors may affect nurses' decisions to pursue continuing education in informatics. Knowledge of these factors may help educators and administrators encourage the use of continuing education in informatics, and further discussion and research are needed. Some topics that should be addressed in future research include the type, duration, content, and focus of continuing education in informatics programs; the relevance of these programs to nurses' needs and work requirements; enrollment rates in these programs; and overall satisfaction with these programs. In addition, because the field of nursing informatics is constantly expanding and changing, it would be interesting for comparison purposes to revisit the same questions addressed in this study using data from future surveys. The next NSSRN survey is currently being fielded, and there are no questions about continuing or other forms of education in informatics. The NSSRN offers an important mechanism for ongoing surveillance of how U.S. RNs are preparing for the health care sector of the future. Including questions about preparation in informatics in the NSSRN would offer an important opportunity to track this area with minimal investment.
1
Continuing education is one way in which nurses can acquire competency in informatics. However, relatively low proportions of registered nurses report continuing education in informatics.
2
Systematic assessment of nurses' participation in continuing education in informatics is lacking. Research is needed to examine the type, duration, content, and focus of informatics continuing education programs; their relevance to nurses' needs and work requirements; enrollment rates; and overall satisfaction with these programs.
3
Including questions about preparation in informatics in the National Sample Survey of Registered Nurses and similar surveys is one way to track this area with minimal investment.
